A prevalence study of abdominal cystic echinococcosis (CE) was undertaken in the northwest, northcentral, and northeast regions of Libya. A total of 36 villages along the coast were included, in which 20,220 people were screened by portable ultrasound. Three hundred thirty-nine (1.7%) were diagnosed with CE. There was no significant difference between CE prevalence rates in the three regions of Libya (mean ϭ 1.6%); however, intervillage rates were variable, ranging from 0% to 4.5%. The prevalence of CE increased significantly with age (P Ͻ 0.0001) and females were significantly more affected (2%) than males (1.3%) (P Ͻ 0.0001). Cases of CE were distributed among 3.2% of housewives, 2.6% of farmers, 2.3% of male civil servants, 1.3% of female students, and 1.1% of male students. Housewives (P Ͻ 0.0001) and students (P Ͻ 0.0001) were significantly more at risk for CE. A statistically significant proportion (62% [210 of 339]) of CE cases kept dogs (P Ͻ 0.0001). Of the ultrasound-positive CE cases 69% (233 of 339) were antibody seropositive by ELISA using Echinococcus granulosus hydatid cyst fluid antigen B. Blood samples (n ϭ 10,096) collected onto filter papers were taken randomly from ultrasound-negative people who entered the study, of which 11.2% were found to be seropositive. Seropositivity increased with age (P Ͻ 0.0001), with females exhibiting higher seroprevalence than males for all age groups (P Ͻ 0.0001). Seroprevalence was distributed occupationally among 17.3% of female students, 11.2% of male students, 8.3% of housewives, 7.3% of farmers, and 6.4% of male civil servants. Housewives and students were more likely to be seropositive (P Ͻ 0.0001). Forty-seven percent (526) of the seroreactors kept dogs. All liver hydatid cysts detected by ultrasound during community screening were classified according to morphology and size into six types. Type I (17.5% of all cases) were small univesicular cysts less than 50 mm in diameter with no laminations or daughter cysts. Type II (34%) were univesicular cysts with only laminations. Type IIIa (8.5%) were univesicular cysts with the appearance of laminations and daughter cysts. Type IIIb (13%) were univesicular with laminations and less prominent daughter cysts. Type IV (5.6%) presented as a solid mass. Type V were degenerated calcified or partially calcified cysts (13.2%). Type VI presented as multiple cysts (8% of all cases). The CE cases that exhibited Types II, IIIa, IIIb, IV or VI cysts showed the highest seropositivity (86%, 96%, 95%, 100%, and 96%, respectively), while Types I and V were the least seroreactive (38% and 22%, respectively). Cases of CE occurred in 311 families, with 93% having only one member as a CE case while 7% of the families had two or more cases. However, 25% of the ultrasound-negative persons belonging to families with an index CE case were seropositive for antibodies to Echinococcus. These results confirm the importance of human CE in Libya. They also confirm the usefulness of ultrasound combined with serology as a mass screening approach for CE in north African communities.
Echinococcus granulosus, the causative organism of cystic echinococcosis (CE), is one of the most geographically widespread pathogenic parasitic zoonoses. 1 Human CE is known to be endemic in north Africa and has been reported in Libya, 2 Tunisia, 3, 4 Algeria, 5, 6 Morocco, 7 and to a lesser extent Egypt. 8 In Libya, CE is one of the most important parasitic infections of humans and domestic animals. 9,10 A prevalence of 8.4% has been reported to occur in sheep, 1.5% in goats, 5.4% in cattle, and 31.9% in camels. 11, 12 The main definitive host of E. granulosus in Libya is the domestic dog and in rural areas up to 60% of the dogs are infected, while this is lower in urban areas where 31.5% of stray dogs and 10% of pet dogs are infected. 13, 14 Human CE is treated in Libya primarily by surgery. 15 Consequently, the public health importance of this infection has been quantified mainly by retrospective reviews of hospital surgical records. 16 In northwest Libya, 0.85% of all admissions in major surgical departments over a six-year period (1971) (1972) (1973) (1974) (1975) (1976) were due to CE. In the northeast area of this country between 1972 and 1979, of 22,979 surgical admissions, 111 (0.5%) were CE cases. [17] [18] [19] [20] [21] [22] Community-based surveys have also demonstrated the importance of CE in Libya. One seroepidemiologic study of 250 school children in northwest Libya (Benghazi area) showed that 10% were seropositive for antibody to Echinococcus by an ELISA. 9 In another study also carried out in Benghazi, 13 (3.4%) of 384 blood samples tested using the indirect hemagglutination (IHA) test were seropositive. 23 Currently, however, the most effective community based screening technique for CE is the use of a portable ultrasound scanner. 24, 25 Confirmation of between 60% and 90% of ultrasound-detected CE cases can be made serologically. 26, 27 A pilot ultrasound-serologic CE survey in five areas in northwest Libya showed a prevalence rate of 1.4% (57 of 4,103). 2 Due to the success of the above survey, 2 a much larger study was implemented in Libya (1994) (1995) to define the geographic extent of human CE along the major coastal regions. It was also intended to use the larger sample size to investigate whether familial clustering occurred and to provide baseline information on human CE prior to the possible implementation of a national hydatid control program. MATERIALS Mass ultrasound screening. A portable ultrasound (Sonoline SX; Siemens, Bonn, Germany) with a 3.5-mHz real time sector probe was used throughout the survey. Sonograms of imaged cysts were recorded on a monochrome video graphic printer (Up-850; Sony, Tokyo, Japan) with details of the individual recorded. A central dispensary building/ primary health care center was selected in each of the 36 villages where people, who were self-selected, would travel to be registered and subsequently scanned. Individuals were scanned standing to facilitate rapid screening from the front and back. The liver, pancreas, spleen, and kidneys were carefully examined and any pathologic cystic images were recorded. Cysts due CE were differentiated from other cystic lesions if one or more of the characteristic diagnostic criteria of CE were present, namely, a laminated membrane and/or daughter cysts. 28 All CE cysts were classified according to their size, morphology, and echotomographic appearance. Confirmed CE patients were provided treatment consultation at respective regional hospitals.
Serologic testing. Serologic confirmation (IgG antibody detection) of persons with ultrasound-detected cysts was done by an ELISA using a partially purified antigen B derived from human hydatid cyst fluid. 29, 30 The test had a sensitivity of 95% with proven hydatid surgical cases and a specificity of 94%. Cross-reactions were observed only with defined control sera from patients with Taenia solium cysticercosis or infections with E. multilocularis. 30 Neither of these parasitic infections were known to occur in Libya.
Venous blood samples (5 ml) were taken from all individuals who had abdominal cystic lesions detected by ultrasound. All family members of such individuals were also screened serologically, as were a random control group in which the ultrasound scan was negative. In addition, fingerprick blood samples were taken from 10,096 individuals (4,837 males and 5,259 females) randomly selected from the ultrasound-negative survey population. All samples were stored at Ϫ20ЊC until tested. Serum samples were tested for Echinococcus antibodies by microplate ELISA as previously described. 30 Briefly, Immulon 1 plates (Dynatech, Chantilly, VA) were coated (100 l/well) overnight at 4ЊC with antigen B (4.5 g/ml) in bicarbonate coating buffer, pH 9.6. The plates were then blocked with phosphate-buffered saline (PBS)-Tween 20 for 1 hr at room temperature. Duplicate test sera were diluted 1:200, added to the plates, and incubated for 1.5 hr at room temperature. For filter blood spots, sera were eluted in PBS-0.5% Tween 20 for 20 min as described previously. 31 Alkaline phosphatase-conjugated antihuman IgG (Fc specific; Sigma, St. Louis, MO) was used at a 1:10,000 dilution. Para-nitrophenyl phosphate (Sigma) in 1 M diethanolamine buffer, 0.5 mM MgCl 2 , pH 9.6, was used as the substrate, and absorbance values were measured at 405 nm after 20 min using a Dynatech 500 automatic microplate reader.
A positive control group consisted of serum samples from surgically proven Libyan CE patients (n ϭ 100). A negative control group consisted of a random selection of seronega-tive serum samples from individuals (endemic normal individuals) who had no cystic lesions detected by ultrasonography (n ϭ 300). The positive-negative cut-off optical density (OD) value was calculated as the mean ϩ 3 SD of the endemic normal individuals.
Questionnaire. Individuals were registered as a self-selected sample using a questionnaire designed to provide demographic details and information about the Libyan attitude of keeping domestic livestock and dogs. The questionnaire was broadly similar in design to that described previously for a study in China 32. Students were defined as persons between five and 20 years of age (inclusive) who attended school. It was also used to obtain details of the relationship between humans and dogs, to try and quantify the human: dog ratio, and to determine retrospectively the number of previous surgical operations for CE in the population examined.
Ethical approval for the study was given by the Ethical Committees of Alfateh University (Tripoli, Libya) and the Liverpool School of Tropical Medicine (Liverpool, United Kingdom). Informed consent was obtained from the heads of households prior to screening family members.
Statistical analysis. Analysis was done using File Maker Pro as the filing system (version 1.0 Bv2, 1991; Macintosh, Cupertino, CA) and the Data Desk program (version 3.0, 1989; Macintosh) with a Macintosh computer (Classic II and Apple LC). A t-test was used for determination of the significant differences in the antibody responses. Differences between human groups were compared by a univariate chisquare test or Fisher's exact probabilities, and 95% confidence intervals for relative risks were calculated. Analyses were also done using the Epi-Info program (Version 5; Centers for Disease Control and Prevention, Atlanta, GA). Possible confounding factors of age and sex were stratified by a Mantel-Haenszel chi-square test, adjusting for age, and examining for sex differences.
RESULTS

Ultrasound survey.
A total of 20,220 people Ͼ1 month old composed of 10,356 females (51.3%) and 9,864 males (48.7%) from 5,270 families were screened in the three major regions of north Libya (i.e., northwest, northcentral, and northeast). Three hundred thirty-nine (1.7%) people (mean age ϭ 52 years) had newly diagnosed abdominal cysts that were eventually designated as CE (Table 1 ). Of these, 233 (69%) people were also seropositive for antibodies to E. granulosus.
A total of 530 (2.6%) persons were found to have ultrasound-detectable abdominal cysts (Table 1 ) that included all types of cysts diagnosed by ultrasound, including cyst images pathognomonic for hydatidosis as well as simple nonparasitic cysts found in any abdominal organ. Three hundred thirty-nine (64%) of the 530 individuals with abdominal cysts had characteristic features that could be used to classify them as being due to CE and/or were also seropositive. The most common cystic structures, besides those of likely CE origin, were kidney cysts. A total of 191 (0.9%) persons with kidney cysts were recorded; the left kidney was more affected (45%) than the right kidney (40%). Kidney cysts were most common in people more than 30 years of age and the . The diameters of the hepatic cysts (n ϭ 303) ranged from 0.5 cm to 40 cm with an average diameter of 8.6 cm. Age-specific prevalence rates increased from 0.06% in those Յ four years of age to 4% in those Ն 50 years of age, and an analysis for linear trend showed that CE increased significantly (P Ͻ 0.0001) with age for both sexes combined (Table 1 ). However, there was nearly a two-fold greater rate of CE detection in females compared with males that was significant for all age groups combined (P Ͻ 0.0001) and after adjustment for age (P ϭ 0.00007, Mantel-Haenszel chi-square test) ( Table 1 ). This sex difference was significantly higher among those 31-50 years of age (P Ͻ 0.0001) (1% for males and 3.4% for females).
Cystic echinococcosis occurred among 311 families. Ninety-three percent (288 of 311) of these families had only one case of CE, while 22 (7%) families had two cases of CE. In one family, all seven members had CE. Female CE cases were distributed significantly among housewives ( 4, 477] ). The occupations of people most affected were housewives (P Ͻ 0.0001) and students (male and female) (P Ͻ 0.0001).
The prevalence of CE in the three geographic regions surveyed (northwest, northcentral, and northeast) was 1.7%, 1.2%, and 1.8%, respectively, and there was no significant difference between the regions (P Ͼ 0.3). However, prevalence of CE by village ranged from 0% to 4.5% ( Table 2 ). The highest prevalence of human CE (4.5% [22 of 485]) was recorded in the small village of Ghwat-Zioaina (Khmus area) in northwestern Libya. In this village, all age groups were affected but the disease was most prominent in the more than 50 years of age group (P Ͻ 0.0001). Ultrasound classification of hepatic hydatid cysts. The 303 hepatic hydatid cysts detected by ultrasound during the survey were classified according to image appearance as described previously. 28, 33 However, a slight modification was included based on clinical grounds that involved division of Type III cystic images into two subgroups (IIIa and IIIb), and creation of an additional group, i.e., Type VI, which related to multiple cysts.
Type I cysts were defined as univesicular and usually small, Ͻ 50 mm in diameter, with no visible laminations or daughter cysts. They comprised 17.5% of all cases in the 4-83-year-old age group, but only 38% of these cases had positive serology. Type II cysts were characterized by univesicular appearance but with a prominent laminated layer; these comprised 34% of all cases in the 4-75-year-old age group and these cases tended to be seropositive (86%). Type III cysts were subdivided into subgroups IIIa and IIIb. Type IIIa cysts were characterized by both prominent laminations and daughter cysts; they were present in 8.5% of all cases in the 6-75-year-old age group, and these cases had a high rate of positive serology (96%). A Type IIIb cystic hydatid image showed prominent laminations but less prominent daughter cysts, and this group comprised 13% of all cases between 15 and 76 years of age and again exhibited high seropositivity (95%).
Type IV cysts were characterized by a solid mass and comprised 5.6% of all cases found in the group 12-75 years of age with accompanying high seropositivity (100%). Type V cysts were characterized by degeneration with calcification. These cysts were found in 13.2% of all cases in the 40-90-year-old age group, but only 22% of these cases were seropositive. An additional category, Type VI, was characterized by the presence of multiple cysts that could be univesicular, laminated, and/or with daughter cysts that involved one or more organs. These were present in 8% of all cases 5-65 years of age who also exhibited a high rate of seropositivity (96%). More than 99% of all CE patients of any cyst type were asymptomatic. Only children less than nine years of age complained of abdominal swelling. The CE patients with type II, III, IV, or VI cysts were recommended for treatment (primarily surgical in Libya), while CE patients with type I and V cysts were provided annual follow-up examinations.
Serology and ultrasound-positive cases. Between 86% and 96% of all ultrasound-detected CE cysts of Type II or III pathologies were present in cases that were seropositive. In contrast, only 38% of Type I cysts and 22% of Type V cysts were present in seropositive cases. The mean ELISA OD value (0.463) for all ultrasound-detected CE cases was significant when compared with that for control negative blood samples (0.034; P Ͻ 0.0001).
Serology of family members of ultrasound-positive cases. A total of 142 (25%) of 567 ultrasound-negative family members who had an ultrasound-positive case of CE in the family were seropositive in the ELISA. The greatest familial seropositivity for antibodies to Echinococcus was in the 9-31-year-old age group, with female seropositivity (63%) greater than that in males (37%). There was an average of two additional seroreactors in each family that had a CE patient detected by ultrasonography. However, there was no statistically significant greater risk for occurrence of a seropositive person in a family with a CE case (25%, 142 of 567) compared with families without a CE cases (21%, 988 of 4,703) (P ϭ 0.08).
Filter paper serology. A total of 10,096 people (52% females and 48% males) randomly selected from the ultrasound-negative population were tested for antibodies to Echinococcus by ELISA after elution of test serum from dried blood drops collected onto filter papers. 31 Of these, 11.2% (1,130 of 10,096) were seropositive (Table 3) . One hundred fifteen (10.2%) of the 1,130 (seropositive people had high ELISA OD values (i.e., Ͼ 0.400), and the mean ELISA absorbance value for seropositive individuals was significantly above the mean value for the control negative blood samples (P Ͻ 0.0002). In this group seropositivity occurred at all ages from three to Ͼ 50 years (P Ͻ 0.0001).
There was approximately a 1.6-fold greater seropositive rate for females (13.9%) than for males (8.3%) that was significant in all age groups combined (P Ͻ 0.0001) and after adjustment for age (P ϭ 0.00001, by Mantel-Haenszel chisquare test). Thirty-eight percent (428) of the seroreactors were housewives, 22% (244) were female students, 22% (245) were male students, 9.3% (105) were civil servants, and 2% (22) were farmers. The occupations of family members most at risk for seropositivity were housewives and students (P Ͻ 0.0001). Forty-seven percent (526 of 1,130) of the ultrasound-negative sample who showed positive serology also had dogs.
Questionnaire survey. During the ultrasonographic survey, 124 persons (0.6%) screened had previously had surgery for CE. Of these, 68% had hepatic cysts removed, 23% had pulmonary cysts removed, and 9% had hydatid cysts removed from other sites (i.e., kidney, ovary, uterus, abdominal wall, brain, or bone). The average time since surgery was eight years; the mean age of the group of 124 previous CE cases was 40 years (range ϭ 6-60 years).
A total of 9,919 dogs were kept on farms or near houses of the 5,270 families of the surveyed population, i.e., approximately 0.5 dogs per person. Sixty-two percent (210 of 339) of hydatid cases diagnosed by ultrasound kept dogs. This was highly significant compared with the hydatid-negative sample population in which only 49% (9,709 of 20,220) kept dogs (P Ͻ 0.0001). Dogs were used for home and livestock guarding, and were usually kept chained outside houses. The largest number of dogs per household (up to seven or more) was found on farms.
The households screened had a total of 69,217 sheep (approximately one dog for seven sheep), 1,356 goats, 7,870 cattle, 1,506 horses, and 182 donkeys. Home slaughter was practiced by 84% (4,695 of 5,610) of young adult males. Twenty-two percent of this group recognized hydatid cysts in livestock and 6.4% admitted deliberate feeding of dogs with infected offal.
DISCUSSION
The prevalence of human abdominal CE in this mass ultrasound survey was 1.7%, and it confirms that Libya has a comparable infection rate with other countries in which E. granulosus is considered to be highly endemic. Human CE prevalence rates varied between 0.4% and 3.6% in Tunisia, 3,34 up to 5.6% in Kenya, 24, 35 0.3-2.9% in China, 36,37 1.3-5.6% in Uruguay, 33, 38 and up to 8.6% in Argentina. 39 However, the current study is probably one of the largest human CE mass screening programs undertaken. The observed pattern of a gradual increase in CE prevalence with age is a general one that has also been observed in other endemic countries. 27 In Tunisia, 7.7% of persons Ͼ 39 years of age had CE 26 , while in east Africa, the prevalence of CE in Turkana, Kenya increased with age from 0.17% in the 0-4-yearold group to 11.1% in the Ͼ 50-year-old group. 24 Since hydatid cysts usually grow very slowly, patients may remain asymptomatic for many years. If one assumes that small univesicular hydatid cysts (Ͻ 5 cm in diameter, i.e., Type I) represent relatively early infection, compared with large, more complex hydatid cysts (i.e., Types II, III, and IV by ultrasound 28 ), then the specific prevalence of Type I cysts should decrease with age if the hydatid cysts in older people are simply older cysts resulting from early asymptomatic infection. However, this does not appear to be the case in the Libyan study since Type I cysts were found equally in all age groups (mean ϭ 50 years of age). This suggests that new infections may occur at any time.
The prevalence of CE detected by ultrasound in this study was significantly higher in females (2%) than males (1.3%) (P Ͻ 0.0001). This difference is similar to those in studies in other regions of Africa endemic for CE such as Tunisia where females (4.3%) were also at greater risk of infection than males (2.5%)Ͼ 26 In northwestern Kenya, females exhibited approximately twice the CE prevalence rate compared with males (5.6% versus 2.9%). 24 Differences in prevalence rates between the sexes in Kenya were attributed to different behavioral attitudes toward dogs. 40 This may also be the case in Libya, although no specific observations on human-dog contact have as yet been made.
The current study showed that ultrasound was superior to serology if each method were used separately for diagnosis of hepatic cystic hydatidosis. The antigen B-ELISA identified 69% of the abdominal hydatid cysts, with most cysts in seronegative individuals being small (mainly Type I) or degenerated (Type V). However, the serologic sensitivity obtained among the cases detected by ultrasound was higher than the sensitivity of immunodiagnostic tests in other studies. For example, in Turkana, Kenya, only 50% of ultrasound-positive CE cases had positive serologic results. 24 In Druze communities in northern Israel, an IHA test showed a sensitivity of only 14% when compared with ultrasound and chest radiography. 41 It is probable that serologic tests for CE will have overall reduced sensitivity when applied directly in endemic communities compared with hospital testing in which CE patients are usually in an advanced condition. 27 It has also been recently shown that IgG subclass (G1 and G4) seropositive rates can vary significantly between asymptomatic and clinically advanced CE patients. 42 The Libyan CE study also demonstrated that use of filter paper blood eluates is feasible for mass population serologic screening for human CE, as indicated by others. 43 Fingerprick blood sampling was well received and accepted by all individuals in the Libyan study, and had the advantage of rapid collection, ease of storage, and transport. 31 Filter paper blood spot serologic testing of ultrasound-negative healthy individuals using E. granulosus antigen B showed a high rate of seropositivity (11.2%) among the Libyan population sample (n ϭ 10,096) and showed that all ages were at risk of seropositivity, especially females (13.9%) compared with males (8.3%). This sex difference was similar to that observed for the ultrasound-confirmed CE cases and could reflect exposure without full hydatid cyst development, the presence of hydatid cysts too small to be detected by ultrasound (e.g. Ͻ 1 cm in diameter), or small hydatid cysts in non-abdominal locations, e.g., lungs. The antigen B-ELISA for immunodiagnosis of human CE has been shown to be highly specific (Ͼ 90%) in the absence of alveolar echinococcosis or T. solium cysticercosis. 29, 30 Neither of these other cestode zoonoses is known to occur in Libya.
The rate of previously recorded surgical prevalence of cystic hydatid disease among the study population was 0.6% (six operations/1,000 individuals). This confirms the high prevalence rate of hydatid disease in northern Libya and the concomitant impact on medical care. In similar ultrasound/ serology-based surveys conducted in Tunisia and Tanzania, the surgical incidence was not recorded among the popula-tion screened; the annual surgical incidence rates of hydatid disease were recorded from hospital records, i.e., 11-30 per 100,000 individuals in Tunisia, 44 and 11 per 100,000 in northern Tanzania. 35 For the communities in the three main regions screened in northern Libya, i.e., northwest, northcentral, and northeast comprising 36 villages, the prevalence of CE was 1.2%, 1.7%, and 1.8%, respectively, with no significant difference between regions. However, within regions village CE prevalence rates varied from 0% to 4.5%, with the greatest number of new human CE cases detected in the Khmus area in the northwest region. It is not known why such intervillage rates differed but it does not appear to be related to dog ownership.
Some relative risk factors that may play a role in CE transmission in Libya were investigated. The prevalence of human CE increased with age (P Ͻ 0.0001), females were at greater risk than males (P Ͻ 0.0001), and housewives and students were at greatest risk (P Ͻ 0.0001). A history of dog ownership was also an important risk factor (P Ͻ 0.0001), but the presence of a seropositive person in a family with an index CE case was not a risk factor compared with families without a CE case. Interestingly CE is often detected in people from north Africa who have emigrated to Europe. In one French study, 100 (33%) of 306 hepatic CE patients originated from north Africa. 45 In many areas in France, the vast majority of autochthonous CE cases are Moslems (originally from North Africa) who still continue to practice traditional home slaughtering of sheep. 46, 47 In conclusion, the current, extensive, ultrasound-based study confirms the high endemicity of human CE in northern Libya, with an overall prevalence of 1.7% for abdominal cystic hydatid cases alone. If hydatid cysts in other sites in the human body are included, e.g., pulmonary location, then the prevalence would be higher. Also, the seropositive rate for antibodies to Echinococcus was very high (11.2%) in the population in the endemic area with normal ultrasound images. It is clear from this study that CE is a major public health problem in Libya. Extensive studies are required to investigate the epidemiology of the disease in Libya as well as in other Moslem countries in north Africa and the Middle East. 48 Serious consideration should also be made regarding the cost-benefit analysis of implementation of suitable regional or national hydatid control programs and to what extent mass home slaughter of livestock, especially during religious festivals, is important in transmission and risk of E. granulosus infections in humans.
